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Background: White matter lesions (WML) in elderly people co-occur with hypertension, depression, and
cognitive impairment. Little is known about the density and distribution of WML in normal elderly people,
whether they occur randomly in the aging brain or tend to cluster in certain areas, or whether patterns of
WML aggregation are linked to clinical symptoms.
Objectives: To describe patterns of WML distribution in a large representative population of elderly people
using non-inferential cluster analysis; and to determine the extent to which such patterns are associated
with clinical symptomatology.
Method: A population sample of 1077 elderly people was recruited. Multiple analysis of correspondence
followed by automatic classification methods was used to explore overall patterns of WML distribution.
Correspondence was then sought between these patterns and a range of cerebrovascular, psychiatric, and
neurological symptoms.
Results: Three distinct patterns of spatial localisation within the brain were observed, corresponding to
distinct clusters of clinical symptoms. In particular WML aggregation in temporal and occipital areas was
associated with greater age, hypertension, late onset depressive disorder, poor global cognitive function,
and overall WML frequency.
Conclusions: WML localisation is not random in the aging brain, and their distribution is associated with
age and the presence of clinical symptoms. Age differences suggest there may be patterns of progression
across time; however, this requires confirmation from longitudinal imaging studies.

W
hite matter lesions (WML) in elderly people result
from degenerative changes in small vessels,1 2 with
hypertension and arteriosclerosis being identified as

significant risk factors.3 4 While WML are known to be
common in the elderly,5 6 magnetic resonance imaging (MRI)
studies have shown higher rates in elderly people with
depression than in age matched controls.7 8 This is particu-
larly true of late onset depression,9 10 an observation that has
led to the notion of ‘‘vascular depression.’’ Other studies have
suggested a relation between WML and dementia.11–13 Several
investigators have proposed that localisation may be impor-
tant, with frontal lesions being associated with depression14 15

and periventricular lesions being implicated in cognitive
impairment.12 16 Most studies have been based on a global
estimate of lesion volume, or alternatively on the presence or
absence of WML.
A further limitation has been the use of a ‘‘top down’’

approach, in which lesion frequency is explored in contrast-
ing clinical cohorts and controls. Such an approach does not
take into account the heterogeneity of clinical syndromes and
the possibility that WML clusters may be related to specific
symptoms cutting across disease categories. Moreover little is
known about patterns of WML distribution in the normal
brain. Are they randomly distributed or do they aggregate in
certain areas? Are there clustering patterns unique to certain
clinical profiles or are they simply an exaggeration of patterns
seen in normal elderly people?
In the present study, we took an alternative ‘‘bottom up’’

approach to the question of WML and brain aging by starting
with the question of how WML are spatially distributed in
elderly people, and whether patterns can be identified that
may ultimately be linked to clinical features. The originality
of this approach is that instead of comparing WML density in
different case and control groups, as in previous research, we
have explored a staging model—that is, can we see a pattern

in both location and density? And if so, how do such patterns
or stages relate to the appearance of clinical symptoms? In
order to establish the possible existence of a general trend in
WML progression, we used multidimensional data analysis to
establish patterns of spatial distribution in a large represen-
tative population of elderly persons, and attempted to link
such patterns to the type and severity of symptom clusters.

METHODS
The subjects for the present analysis are participants in the
Rotterdam scan study, which was designed to explore
determinants and consequences of age related brain abnorm-
alities in the elderly. In 1995 and 1996, 1904 subjects were
randomly selected from within each five year age group
between 60 and 90 years of age with an equal contribution of
both sexes from two large ongoing population based
studies.17 18 Among the selected subjects, 187 were not
eligible because of dementia, MRI contraindications, or
blindness, and so were excluded from our study. Of the
1717 eligible people, 640 refused. Thus in all, 1077 non-
demented elderly individuals participated in the study
(overall response 63%). We screened all participants for
dementia using the mini-mental state examination (MMSE)
and the geriatric mental state schedule. Participants who
were positive at screening underwent additional cognitive
testing with the Cambridge mental disorders of the elderly
examination. People who were then thought to have
dementia were excluded.
Informed consent was obtained from all participants and

the study design was approved by the medical ethics
committee of the Erasmus Medical Centre, Rotterdam.

Abbreviations: CESD, Center of Epidemiologic Studies depression
scale; MCA, multiple correspondence analysis; MMSE, mini-mental state
examination; WML, white matter lesion
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MRI procedure
Cranial MRI scanning was undertaken in all 1077 partici-
pants. We carried out axial T1, T2, and proton density
weighted scans on 1.5 Tesla MRI scanners (MR Gyroscan,
Philips, Best, Netherlands, and MR VISION, Siemens,
Erlangen, Germany). The slice thickness was 5 or 6 mm
(scanner dependent), with an interslice gap of 20%. Laser
hard copies were printed with a reduction factor of 2.7.4

White matter lesions were considered present if visible as
hyperintense on proton density and T2 weighted images,
without corresponding prominent hypointensity on T1
weighted images. We considered white matter lesions to be
periventricular if they were directly adjacent to the ventricle;
otherwise we considered them as subcortical.
White matter lesion severity was graded for periventricular

and subcortical areas separately. In summary, periventricular
white matter lesions were scored semiquantitatively (range 0
to 9). Subcortical WML were categorised according to their
maximum diameter (on hard copy) as small (1–3 mm),
medium (3–10 mm), or large (.10 mm). The number of
subcortical WML was rated per size category for the frontal,
parietal, occipital, and temporal lobes (range 0 to 29.5).4 We
approximated a total subcortical WML volume (in milli-
metres on hardcopy) by assuming subcortical WML are
spherical with diameters of 2, 6, or 12 mm (according to their
size category) and adding these volumes.
Atrophic change was scored on T1 weighted images. A

distinction was made between cortical and subcortical brain
atrophy. Cortical atrophy was rated on a semiquantitative
scale (range 0 to 15) using reference scans. Subcortical
atrophy was measured by the ventricle to brain ratio (range
0.21 to 0.45).19 The ventricle to brain ratio is the ratio between
the biventricular width and the width of the brain at the
same level.

Clinical variables
Analyses included age (as a continuous variable), sex, and
educational status (highest education level obtained) accord-
ing to UNESCO.20 The clinical variables selected from the
medical examination were those most commonly linked to
vascular risk, namely hypertension (defined as a systolic
blood pressure of 160 mm Hg or over, or a diastolic blood
pressure of 95 mm Hg or over, or the use of blood pressure
lowering drugs); a random or post-load serum glucose
concentration of .11 mmol/l; smoking (divided into current
smokers and non-smokers); and a history of stroke, validated
by reference to medical records and verified by a neurolo-
gist.21 Global cognitive function was measured by the
MMSE.22 Information was also obtained on any history of
depressive episodes, the age of onset, and treatment.
Depressive symptoms were assessed using the Center of
Epidemiologic Studies depression scale (CESD).23 A depres-
sive disorder was defined in two ways: first, when the subject
scored at or above 16 points on the CESD; and second, if the
episode had required treatment from a general practitioner,
psychologist, or psychiatrist. We divided the age of onset at
the cut off point of 60 years, in keeping with previous
studies.24 25

Statistical analysis
Multidimensional data analysis was used to show patterns of
lesion development independently of aetiological hypotheses.
This method detects patterns such as grouping and opposi-
tion and eliminates ‘‘noise’’ caused by outliers. We used
multiple correspondence analysis (MCA)26 to provide a
graphic representation of WML distribution in the brain.
The analysis was carried out with 1077 subjects and 20
variables representing periventricular and subcortical lesions
(frontal, temporal, parietal, and occipital), divided into

quintiles (five groups) according to severity as determined
by reference to size and density of lesions. With this analysis
we retained four axes, which explained most of the variation,
and suppressed non-interpretable axes (noise). Three distinct
patterns of WML were obtained by MCA.
With the four principal axes we undertook a classification

with an ascending hierarchy (cluster analysis) using Ward’s
criteria. These clusters were depicted by the method of
convex envelopes. In this way, clusters of individual subjects
can be visualised and superimposed on the graphical
representation of WML distribution. In all, three clusters
could be defined corresponding to the three patterns in the
MCA. Subsequently, the individual subjects who belong to a
spatially determined group were identified. This permits a
general portrait of each group by reference to vascular,
cognitive, psychiatric, and neurological features. Next, we
tested statistically whether the clusters of individuals—based
solely on the distribution of brain lesions—differed with
regard to the clinical features. Significance testing was
carried out for qualitative variables using a x2 test, and for
quantitative variables using analysis of variance or the
Kruskal–Wallis test, depending on the normality of the
distribution.
Multidimensional statistical analyses were carried out

using the ADE-4 program27 and univariate analyses with
the SPSS (Statistical Package for Social Science) program,
version 11.0.

RESULTS
MCA analysis showed a non-random pattern of WML
distribution and produced three distinct anatomical clusters
of white matter lesions within this elderly cohort. Figure 1
presents a two dimensional representation of the results of
the MCA. The first pattern is characterised essentially by a
small number of WML (quintile 1), which are confined
principally to frontal, parietal, and periventricular regions.
The second pattern is one of increasing WML frequency
(quintiles 2, 3, and 4) in the frontal, parietal, and
periventricular areas. Finally, the third clearly discernable
pattern is of very high density WML (quintile 5) within
frontal, parietal, and periventricular areas, also extending to
occupy the occipital and temporal regions.
Cluster analysis was then applied to the four axes retained

by the MCA. Three groups of patients were defined,
corresponding to patterns of WML distribution. With this
analysis, subjects belonging to the three spatially determined
cluster were identified. This allowed us to determine the
cognitive, psychiatric, and neurological features that char-
acterise the pattern of lesions independently of clinical
diagnostic category. Figure 2 is a visual representation of
these three groups that should be interpreted by super-
imposition on fig 1. In other words, fig 1 shows the pattern of
the WML variables, while fig 2 shows the corresponding
clustering of the individuals.
The clinical characteristics of the three groups are given in

table 1. No significant differences were found in the sex ratio,
level of education, percentage of smokers, or diabetic subjects
across the three groups. On the other hand, mean age
increased significantly from group 1 to group 3 (p,0.001).
An increase was also observed from group 1 to group 3 in the
number of subjects with depression, in particular those with
late onset depression (p,0.05), and with hypertension
(p,0.001). Overall the three clinical groups can easily be
distinguished in relation to WML distribution.

Group 1
This group, corresponding to WML pattern 1, was charac-
terised by a very small number of lesions confined to frontal,
parietal, and periventricular areas. This group was the
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youngest with a mean age of 68.1 (5.7) years (p,0.001). The
mean MMSE score was 27.9 (2.1). This group had a very
small proportion of subjects with a positive CESD score
(2.6%)—a rate significantly lower than either of the other
two groups (p,0.05). Examining specific item responses to
the CESD showed that only dimensions 1 and 2 (depressed
affect and positive affect) were lower than in the other
groups (p,0.01), but not dimensions 3 and 4 (somatic, motor
retardation and interpersonal difficulties).

Group 2
This group was superimposed over WML pattern 2, showing
frontal, parietal, and periventricular lesions but at a much
higher density than group 1. It may be considered an
intermediate group with a similar mean MMSE score (27.5),
although the subjects were slightly older (mean age, 71.7
(7.1) years).

Group 3
This clinical group corresponded most closely to the third
WML pattern, with a very high density of WML lesions in
frontal, parietal, and periventricular areas, extending into the
occipital and temporal regions. This was the oldest group
with a mean age of 77.2 (7.0) years. The MMSE score (27.0)
was lower than in the other two groups (p,0.001) and the
percentage of subjects with clinical depression was also much
greater, at 11% (p,0.05). The percentages with hypertension
(67.1%) and a history of stroke (12.6%) were much higher
than in either group 1 or group 2 (p,0.001). The third group
also had more cortical atrophy (7.1 (3.1)%, p,0.001) and
higher rates of late onset depression (11.1%) than either of
the other groups (p,0.005).

DISCUSSION
In this analysis we have taken an alternative approach to the
traditional inferential disease/WML location method by first
examining overall patterns and density of WML distribution
in neurologically defined parts of the brain in a representative
population of elderly people, and then examining the relation

of these patterns to symptomatology rather than to disease
entities. We found that in this elderly population, WML were
not randomly distributed. Spatial analysis revealed three
separate patterns of WML aggregation. which may be a
useful means of classifying subjects in future studies, as these
three groups appear to be associated with different clinical
profiles. The first two showed low and intermediate levels of
depressive symptomatology, while the third was charac-
terised by high rates of depressive symptoms, cognitive
impairment, and cerebrovascular risk factors. The results
suggest the possible ‘‘vulnerability’’ of frontal areas to WML,
in the sense that these areas are the first to show lesions in
relatively symptom-free elderly people, and the lesions
increase in density when other areas are affected. This may
partly be explained by the architecture of the cerebral
vascular system, as the arteries penetrate deep into the white
matter in frontal areas.
Across the three groups, greater WML severity is associated

with lower MMSE scores. Patterns of greater WML severity
were also associated with an increased frequency of late onset
depressive symptoms, although few subjects crossed the
threshold into major depression, as defined by CESD scores.
This feature was most marked in the third group where the
highest CESD scores were associated with the presence of
WML in the occipital and temporal areas. Clinically this was
reflected in higher rates of negative and depressive affect, but
not in somatic, interpersonal, and motor complaints. This
group was also at greater vascular risk, had more cerebro-
vascular accidents, and had higher blood pressures and a
greater degree of cortical atrophy. These findings are in
support of a late onset depressive syndrome. In the case of
both cognitive and affective symptomatology there was a
high correlation with WML density, although relatively few
subjects met diagnostic criteria for dementia and major
depression, underlying the importance of examining WML in
relation to symptomatology rather than to disease groups.
The three patterns of WML aggregation were also

distinguished by age. High WML density and posterior
localisation are clearly associated with greater age, raising
the possibility of ordered progression of WML across time. It
may be hypothesised from this cross sectional study that in
the mid-60s small numbers of lesions are seen predominantly

Figure 1 Patterns of spatial localisation of white matter lesions in the
elderly population. F, frontal lesions; O, occipital lesions; P, parietal
lesions; PV, periventricular lesions; T, temporal lesions. 1, 2, 3, 4, 5:
severity of WML in quintiles (five groups). Note that in this two
dimensional figure only two of the four retained axes (Nos 1 and 2) can
be shown.

Figure 2 Visual representation of the cluster analysis. Note that in this
two dimensional figure only two of the four retained axes (Nos 1 and 2)
can be shown.
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in frontal areas but also to some extent in parietal and
periventricular regions. In the early 70s lesions show a similar
spatial distribution but are present in much greater numbers.
In the late 70s not only is there an even greater density in
frontal, parietal, and periventricular areas, but the occipital
and temporal areas are also involved.28 The presence of
lesions in temporal and occipital areas may thus signal a
greater severity of WML, with subclinical states crossing over
into pathology. This is consistent with clinical observations
that WML are localised in the occipital and temporal regions
in neurodegenerative and psychiatric disorders.29–33 The
clusters of WML derived from this analysis may provide a
useful future classification system for differentiating patients
and for monitoring.
Though the response rate in this study was reasonable,

response bias should be taken into consideration.
Participants from the study were younger than non-
participants (mean age difference, 3.8 years; p,0.001) and
participants originally invited from the Zoetermeer study had
a lower blood pressure (age and sex adjusted difference, 2.4
mm Hg; p=0.03). Because old age and high blood pressure
are established risk factors for the presence and severity of
WML, the group with most severe WML is probably under-
represented in our study. Baseline MMSE scores could only
be compared between participants and non-participants from
the Rotterdam study, but it is likely that comparisons would
be the same if we had been able to include the Zoetermeer
study. Participants had higher baseline MMSE scores than
non-participants (age and sex adjusted mean difference, 0.4
points; p,0.001). Most probably, the selection can only have
impeded the detection of patterns of spatial localisation of

WML corresponding to distinct clusters of clinical symptoms.
Our findings would thus constitute a conservative estimation
of the relation between age, WML localisation, and clinical
symptoms.
A longitudinal general population study of WML is of

course required to explore our tentative hypothesis of
progression from frontal through parietal and finally to
temporal and occipital regions. Multidimensional data
analysis allows a non-hypothesis driven classification and
therefore a more open descriptive approach to examining
WML distribution, but does not prove causality. Longitudinal
MRI studies that permit the construction of predictive models
of pathology onset will allow us to determine whether this
progression is an inevitable feature of aging or whether the
extension of WML to posterior areas is caused by the
superimposition of a disease process over ‘‘normal’’ brain
aging. To our knowledge there are currently no imaging data
available from general population studies that span the 20
year period necessary to map this type of progression.
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Table 1 Description of the three groups of elderly subjects detected by cluster analysis

Variable Group 1 Group 2 Group 3 p Value�

Age (years) 68.05 (5.67) 71.72 (7.05) 77.17 (6.98) 0.000
MMSE score 27.85 (2.11) 27.47 (2.04) 26.96 (2.63)* 0.000
CESD score 4.84 (4.80) 5.93 (6.34) 6.77 (6.54) 0.007

Four dimensions of CESD
Dimension 1 (depressed affect) 0.7 (1.44) 1.12 (2.19) 1.39 (2.59) 0.005
Dimension 2 (positive affect) 1.73 (2.31) 2.25 (2.63) 2.62 (2.89) 0.003
Dimension 3 (somatic and
retarded activity) 2.10 (2.23) 2.28 (2.56) 2.52 (2.58) 0.243
Dimension 4 (interpersonal) 0.21 (0.55) 0.28 (0.66) 0.20 (0.55) 0.171
Cortical atrophy 4.52 (2.50) 5.30 (2.65) 7.14 (3.07) 0.000
Subcortical atrophy 0.30 (0.02) 0.31 (0.36) 0.32 (0.03) 0.000

White matter lesions
Frontal 0.09 (0.02) 0.25 (0.45) 3.06 (3.01) 0.000
Parietal 0.04 (0.05) 0.18 (0.20) 1.97 (1.64) 0.000
Temporal 0 (0.0) 0.007 (0.07) 0.04 (0.19) 0.000
Occipital 0 (0.0) 0.05 (0.03) 0.17 (0.51) 0.000
Periventricular 0.34 (0.73) 1.98 (1.51) 5.39 (1.80) 0.000

Per cent distribution p Value`

Female sex 48.4 (93) 50.8 (334) 57.2 (127) 0.154

Education ,8 years 12.6 (24) 11.9 (78) 9.5 (21) 0.558
Late onset depressive persons 3.9 (6) 8.5 (46) 11.1 (22) 0.05
Positive CESD (score .16) 2.6 (5) 7.7 (50) 11.0 (24) 0.05
CVA 0.5 (1) 4.2 (27) 12.6 (27) 0.000

Cerebrovascular risk factors
Hypertension or use of
antihypertensive drugs

40.6 (78) 49.2 (324) 67.1 (149)
0.000

Diabetes mellitus 3.1 (6) 7.6 (50) 8.6 (19) 0.06
Current smoker 16.7 (32) 18.2 (120) 13.6 (30) 0.288

Values are mean (SD), top, or % (n), bottom.
*Group 3 significantly different from groups 1 and 2.
�Variance analysis or Kruskal–Wallis test as appropriate.
`x2 test.
CESD, Center of Epidemiologic Studies depression scale; CVA, cerebrovascular accident; MMSE, mini-mental state
examination.
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27 Thioulouse J, Chessel D, Dolédec S, et al. ADE-4: A multivariate analysis and
graphical display software. Stat Comput 1997;7:75–83.

28 De Leeuw FE, de Groot JC, Achten E, et al. Prevalence of cerebral white matter
lesions in elderly people: a population based magnetic resonance imaging
study. The Rotterdam Scan Study. J Neurol Neurosurg Psychiatry
2001;70:9–14.

29 Bokde AL, Teipel SJ, Zebuhr Y, et al. A new rapid landmark-based regional
MRI segmentation method of the brain. J Neurol Sci 2002;194:35–40.

30 Braak H, Griffing K, Braak E. Neuroanatomy of Alzheimer’s disease.
Alzheimer’s Res 1997;3:235–47.

31 Bergmann M, Kuchelmeister K, Schmid KW, et al. Different variants of
frontotemporal dementia: A neuropathological and immunohistochemical
study. Acta Neuropathol 1996;92:170–9.

32 Yamanouchi H, Sugiuira S, Tomonaga M. Decrease in nerve fibres in cerebral
white matter in progressive subcortical vascular encephalopathy of
Binswanger type. J Neurol 1989;236:382–7.

33 Erkinjuntti T, Benavente O, Eliaziw M, et al. Diffuse vacuolisation (spongiosis)
and arteriolosclerosis in the frontal white matter occurs in vascular dementia.
Arch Neurol 1996;53:325–32.

1308 Artero, Tiemeier, Prins, et al

www.jnnp.com

http://jnnp.bmj.com

